. Further improvement in radial velocity precision beyond this intrinsic variability limit will require increased attention to line profile perturbations caused by stellar atmospheric phenomena.
In particular, changes in line shape arising from stellar atmospheric motion can mimic small radial velocity variations at the spectral resolution (R _ 5-7 x 104) typically utilized for planet searches. For example, the former approach is used by Livingston et al. (1999) to measure line profile asymmetry in solar spectra. Livingston et al. (1999) define the bisector amplitude as ab = Ac--Xmin,
where Ac is the observed central wavelength of the absorption feature and Xmm is the most extreme blue point in the bisector. This approach is especially appropriate for solar observations where the combination of very high spectral resolutions (R > 3 × 105) and S/N (> 5000) yields well-defined bisectors with a large number of independent points. Consequently, derivatives of the bisector itself can be determined and Xmin can be deduced through minimization. This method is usually not feasible for stellar observations which are typically characterized by lower spectral resolution and S/N ratio. In the context of this investigation, we define the velocity span as
The other principal measure of line asymmetry is bisector curvature, which has been described as the difference between bisector spans computed for the top and bottom halves of a line (Gray Sincethe curvature,Cb, is a second derivative (whereas span is a first derivative), the signalto-noise requirements are more demanding in order to obtain significant measures of variability in the bisector curvature. We therefore adopted an alternative characterization which is a variant of the span method designed to increase sensitivity. We define this velocity displacement as
3 where vb is the average displacement of the evaluation points from the line core.
A comparison of the formulations in equations (2)- (4) suggests that for a "C"-shaped bisector,
vb and vs will be negative while the curvature, Cb, will be positive. The principal advantage of vb as defined by equation (4) is that by utilizing the average of all three evaluation points, the impact of the uncertainties in individual evaluation points is mitigated. We also note that our method of bisector measurement relies on an accurate determination of the location of the line core (At), which we ascertain by fitting a parabola to the line core.
In equation (4) 
where m is the slope of the spectrum (Gray 1988) , which is measured using the essentially noiseless template. We then propagate errors through successive steps in the bisector construction and interpolation onto reference depths (y) to obtain al, a2, and a3, which are the uncertainties in Vl, v2, and v3 respectively. Uncertainty in the wavelength of the line core, a_c, is derived from estimated uncertainties in the residual intensity points being fitted. The final error in Vb is
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The observed scatter in bisector velocity displacement is consistent with the formal uncertainties calculated in this manner, as discussed below.
We also examined the uncertainties associated with other methods of characterizing bisectors, namely span and curvature.
In particular, the uncertainty in span from equation (2) is:
while the uncertainty in curvature from equation (3) is (7) 2 a_ + 4a_ + a32.
In In Table 4 we present the ratio of the observed scatter, av, to the mean of the formal errors, (a). This quantity is analogous to the last entry in the first row of We performed a periodogram analyses of Vb time series for each star (Fig. 4) In all other program stars with planets, the periodogram readily revealed the simulated periodic signal with false alarm probabilities that ranged from ,_ several × 10 -2 to ,-_ 10 -11. We conclude that for these stars, changes in line asymmetry are not the major cause of observed radial velocity variations.
For illustrative purposes, we present in at a false alarm probability ,,, 10 -3. But at amplitudes as small as 10 m s-l, any such regular variations that may be present would not be discernible in our data.
3.4.

Trend with Spectral Type
Finally, we display in Fig. 7 mean bisector velocity displacement (Vb) as a function of B -V color. Inspection of Fig. 7 suggests that the (vb) is correlated with stellar spectral type, a result that is consistent with Gray (1988) . In particular, Gray (1988) notes that the redward turn of the bisector in the line core (the bottom part of the "C") is absent in early-type stars, only manifesting itself near spectral type GO. We would expect stars showing only the top of the "C" to have /_ line is blended with a line of CN, which may affect our bisector characterization for 55 Cnc.
The significant departure of r Boo from the trend shown in Fig. 7 may be related to its -9-relativelyrapidrotationperiodof 3.3=t= 0.5days(Baliunasetal. 1997).As discussed by Gray(1988) , andconfirmedin the caseof the Sunby Smith, Huang,& Livingston(1987) ,line asymmetries as characterized by the amplitudesof line bisectors canbeenhanced by rotationalredistributionof the Dopplershifts arisingfrom the granularmotions.In essence, rotation addsa velocitycomponent to the line-of-sightmotion of granuleswith the effectmost pronounced at the equatoriallimbs. Certainly, the resultsin Fig. 7 
Conclusions
We have utilized synoptic spectroscopic observations of stars with reported planetary companions to investigate whether line profile variability arising from stellar atmospheric motions could mimic the observed radial velocity variations. In summary, we did not find any periodic variability in the velocity amplitude of the bisector of the photospheric Fe I line at 6252.6 _ which was the focus of our investigation. Furthermore, the variations in bisector amplitudes that were detected are consistent with uncertainties expected from tile propagation of errors in the original spectra.
While isolated excursions in the time series of bisector amplitudes are observed that may arise from real variability, the significance is not high enough to exclude other sources of measurement error.
The behavior of our measured mean bisector velocity displacement as a function of spectral type is consistent with previous work. While line profile variations are certainly a source of intrinsic stellar noise in Doppler spectroscopic searches at the sub-km s -1 level, our results indicate that it is the presence of substellar companions which best explains the periodic variations in radial velocity that have been reported for our program stars. 
